Abstract: Wooden breast is a muscle disorder affecting modern commercial broiler chickens that 12 causes a palpably firm pectoralis major muscle and severe reduction in meat quality. Most studies
Introduction

33
Wooden breast is one of several muscle abnormalities of modern commercial broiler chickens 34 that causes substantial economic losses in the poultry industry due to its impact on meat quality.
35
Emerging evidence suggests wooden breast may also be detrimental to bird welfare as affected 36 chickens exhibit increased locomotor difficulties, decreased wing mobility, and higher mortality rates 37 [1] [2] [3] . While the etiology of the myopathy is still poorly understood, many believe it to be a side-effect 38 of improved management practices and selective breeding for performance traits due to increased 39 susceptibility among broilers with high feed efficiency [4, 5] , breast muscle yield [4, 6, 7] , breast muscle 40 thickness [6, 8] , and growth rate [9, 10] , including growth rate during the first 1-2 weeks post-hatch
41
[2].
Materials and Methods
66
Experimental Animals and Tissue Collection
67
The University of Delaware Institutional Animal Care and Use Committee approved the animal 68 conditions and experimental procedures used in this scientific study under protocol number 48R-69 2015-0. For this experiment, 302 mixed male and female Cobb500 broilers were raised according to 70 industry growing standards in two poultry houses from 1 day to 7 weeks of age with free access to 71 feed and water. Biopsy samples of the craniolateral area of the left pectoralis major muscle were 72 collected from 101 randomly selected birds at 14 days of age in the same manner described by a 73 previous study [13] . After biopsy, all birds were grown out to 7 weeks of age, at which time they were 74 euthanized by cervical dislocation. During necropsy, the pectoralis major muscles were evaluated for 75 gross lesions and palpable firmness associated with wooden breast and each bird was assigned a 76 wooden breast score using a 0-4 scale; 0-Normal indicates the bird had no macroscopic signs of the 77 myopathy, 1-Minimal indicates 1% or less of the breast muscle was affected, 2-Mild indicates between 78 1% and 10% of the breast muscle was affected, 3-Moderate indicates between 10% and 50% of the 79 breast muscle was affected, and a score of 4-Severe indicates that more than 50% was affected. This 80 scoring system is slightly different from the one previously used in our laboratory and separates 81 unaffected, mildly and moderately affected chickens with a higher resolution.
82
Sample Selection and RNA-Sequencing
83
Selection of samples for use in RNA-seq analysis was based on wooden breast scores assigned 84 at necropsy. A total of 6 unaffected and 8 affected birds were identified; affected birds had scores of 85 2 or 3 (mildly or moderately affected) while unaffected birds had scores of 0 (no apparent gross 86 lesions). Only samples taken from female birds were used because there was an insufficient number 87 of male birds that were classified as unaffected. Total RNA was extracted from pectoralis major tissue 88 samples using the mirVana miRNA Isolation Kit (Thermo Fisher Scientific) according to the 89 manufacturer's protocol and stored at -80˚C until cDNA library preparation. Each RNA sample was 90 quantified using the NanoDrop 1000 Spectrophotometer (Thermo Fisher scientific) and quality was 91 assessed with the Fragment Analyzer at the Delaware Biotechnology Institute (DBI). cDNA libraries
92
were constructed using the ScriptSeq Complete Kit (Human/Mouse/Rat) (Illumina) with the optional 93 step of adding a user-defined barcode to the library. The 14 barcoded cDNA libraries were 94 normalized and 10 µ l of each sample were pooled in two tubes (7 samples in each pool). Pooled 3 of 17 libraries were subsequently submitted to the DBI for paired-end 2x76-nucleotide sequencing on two 96 lanes of a flow cell using the HiSeq 2500 Sequencing System (Illumina).
97
Raw sequencing reads were demultiplexed and then checked for quality using FastQC v0.11.7 98 [15] . All samples passed the quality check and were submitted to Trimmomatic v0.38 [16] 
114
analysis and visualization of differentially expressed genes was conducted with the "stats" and
115
"corrplot" packages [19] in R only using expression data generated with the GRCg6a reference 116 genome build.
117
Results
118
An average of 19,616,353 paired-end sequence reads were generated per sample, which was 119 reduced to an average of 19,609,044 paired-end reads after trimming. The average mapping rate per 120 sample was 74.5% with the Gallus_gallus-5.0 reference genome build and 75.1% with GRCg6a. The 121 total number of sequenced reads, trimmed reads, and mapped reads per sample can be found in 122   Table S1 .
123
There were 52 differentially expressed genes identified using the Gallus_gallus-5.0 reference 124 genome build and 29 differentially expressed genes using the GRCg6a genome build. After 125 accounting for changes in annotation of Ensembl Gene IDs between genome releases, a total of 60 126 genes were found to be differentially expressed between affected and unaffected groups across both 127 analyses, with 18 differentially expressed genes overlapping between both Gallus_gallus-5.0 and 128 GRCg6a. Three Ensembl Gene IDs from the earlier build were deprecated in GRCg6a and were
129
excluded from further analysis. Of the 60 differentially expressed genes used for downstream 130 analysis, 52 were upregulated in affected birds and 8 were downregulated in affected birds (Table 1) . 
131
141
of which were excluded from further analysis due to presumed skin contamination. Cluster 2 consists of 9
142 genes related to lipid metabolism or adiposity traits.
143
Correlation analysis of differentially expressed genes revealed two major clusters with Pearson's 144 correlation coefficients greater than 0.8 for all gene pairs (see Figure 1 ). The first is a cluster of 8 genes,
145
all of which were excluded from further analysis due to presumed skin contamination. 
